INTRODUCTION
Insulin stimulates glucose transport in skeletal\cardiac muscles and adipocytes primarily by inducing translocation or subcellular redistribution of glucose transporter isoform GLUT4 from the intracellular storage compartment to the plasma membrane [1, 2] . However, the precise nature of the storage compartment(s) still remains obscure. Recent studies have revealed that the ratelimiting step of insulin-induced translocation of GLUT4 is a promotion of exocytotic recruitment of the glucose transporter from this compartment to the plasma membrane [3] [4] [5] . On the other hand, GLUT4 molecules on the plasma membrane are internalized constantly via a clathrin-mediated mechanism in both the absence and presence of insulin [6] [7] [8] [9] [10] , and then appear in the early endosomes and recycle back to the plasma membrane as long as the cells are stimulated with insulin [11] . Upon removal of insulin stimulation, the GLUT4 gradually leaves the endosomal recycling pathway and is sequestered in the storage compartment [5] .
Although our knowledge of the regulatory mechanisms of the subcellular trafficking of GLUT4 is still limited, previous studies have shown that the actin-based cytoskeleton has physiological relevance to insulin-induced GLUT4 translocation. Thus in L6 myotubes [12] [13] [14] and 3T3-L1 adipocytes [15] , disruption of the actin filaments with cytochalasin D resulted in a marked loss of insulin effects on glucose transport as well as translocation of Abbreviation used : PI 3-kinase, phosphoinositide 3-kinase. 1 To whom correspondence should be addressed (e-mail hshibata!akagi.sb.gunma-u.ac.jp).
observed in cytochalasin D-treated cells. In the actin-disrupted adipocytes treated with latrunculin A, insulin-induced GLUT4 translocation was inhibited completely. In addition, latrunculin A remarkably inhibited both insulin-induced glucose transport and GLUT4 translocation in the presense of D k -(62-85), a potent inhibitor of GLUT4 endocytosis, suggesting that intactness of the actin filaments was necessary for insulin-induced exocytosis of the GLUT4-containing vesicles. On the other hand, latrunculin A showed little inhibitory effect on either endocytosis of the trypsin-cleaved 35-kDa fragment of GLUT4 or decay of the glucose transport activity after addition of wortmannin in insulinstimulated cells. The results of our experiment show clearly that, in rat adipocytes, (i) latrunculin A may be a more suitable tool than cytochalasin D for disruption of actin filaments, and (ii) actin filaments play a crucial role in exocytotic recruitment of GLUT4 to the plasma membrane from the intracellular pool, but not in its endocytosis.
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GLUT4 to the plasma membrane. In 3T3-L1 adipocytes, cytochalasin D also decreased insulin-induced relocalization of phosphoinositide 3-kinase (PI 3-kinase) to the GLUT4-containing compartments [15] . In addition, clostridial toxins that depolymerize filamentous actin by inactivation of Rho\Rac inhibited insulin-stimulated glucose transport in 3T3-L1 adipocytes [16] .
Several important points, however, remain to be elucidated as to the role of actin filaments in the subcellular trafficking of GLUT4. First, most of those studies were done by using adherent cells in culture, such as L6 myotubes and 3T3-L1 adipocytes, the abundance of the stress fibres in these cells making it difficult to distinguish the role of the cortical actin filaments from that of the stress fibres because both these components of the actin-based cytoskeleton may or may not be affected by treatment with actindisrupting agents such as cytochalasin D. In this regard, actin filaments that are actively turning over (e.g. stress fibres) may be more susceptible to cytochalasin D because it depolymerizes the actin filaments by capping the growing ends. In contrast, the cortical actin filaments are more resistant to disruption by cytochalasin D [17] . Second, recent studies have proposed that the actin filaments are involved not only in exocytosis but also in receptor-mediated endocytosis in mammalian cells [18, 19] . As described earlier, insulin-stimulated translocation of GLUT4 is a dynamic process consisting of accelerated exocytosis and constitutive endocytosis. Nevertheless, the specific role of the actin filaments in either exocytosis or endocytosis of GLUT4 has never been investigated. Finally, whereas isolated rat adipocyte is a widely used cell system for the study of insulin action, very little information is available on the role of the actin filaments in the subcellular trafficking of GLUT4 in this cell system. In particular, few morphological studies have been reported on the effects of actin-disrupting agents on the organization of the actin filaments. This is probably due to a unique feature of adipocytes ; the cytosol is confined generally to a thin rim around a huge lipid droplet, making it very difficult to observe the actin filaments by conventional microscopy.
To shed light on these points, we investigated the role of actin filaments in the subcellular trafficking of GLUT4 in isolated rat adipocytes. Since isolated adipocytes neither attach to the extracellular matrices nor aggregate in response to extracellular stimuli, the stress fibres may be deficient in these cells. This feature makes it possible to clarify the role of cortical actin filaments in the subcellular trafficking of GLUT4-containing vesicles in isolated adipocytes more readily than in adherent cells abundant in the stress fibres. To disassemble filamentous actin of rat adipocytes, we compared the effects of two actin-disrupting agents with different modes of action, latrunculin A and cytochalasin D, on the organization of the actin filaments by laser confocal microscopy. Latrunculin A, a new class of actindisrupting agent isolated from the Red Sea sponge Latrunculia magnifica, has profound effects on the actin cytoskeleton in nonmuscle cells [20] . Unlike cytochalasin D, latrunculin A destabilizes filamentous actin by sequestering actin monomers and shifting the equilibrium to the disassembled state [21] . In 3T3-L1 adipocytes, latrunculin A has been shown to inhibit the insulin stimulation of glucose transport [15] . In addition to conducting morphological analyses, we investigated the effects of these actindisrupting agents on the insulin action on glucose transport in relation to their effects on the actin filaments. We found here that latrunculin A might be more specific and effective than cytochalasin D in disassembling the actin filaments in isolated adipocytes. By using latrunculin A, we examined whether disruption of the actin filaments would have any effect on either exocytosis or endocytosis of GLUT4. Our results indicate that the actin filaments play a critical role in insulin-induced exocytosis but not in endocytosis of GLUT4 in rat adipocytes.
MATERIALS AND METHODS

Materials
"#&I-Labelled Protein A was obtained from DuPont New England Nuclear. Latrunculin A was purchased from Wako Chemicals (Kyoto, Japan) and dissolved in DMSO at 10 mg\ml (stock solution). The maximal final concentrations of latrunculin A and DMSO were 25 µg\ml (59 µM) and 0.25 %, respectively. The same concentration of DMSO (0.25 %) was added to the controls. Cytochalasin D was obtained from Sigma. The D k -(62-85) peptide (RETQIAKGNEQSFRVDLRTLLRYY) was synthesized in this laboratory as described previously [5] , dissolved to a concentration of 1.0 mM in 0.1 M NaCl, and activated by incubation at 37 mC overnight prior to addition to cells. Polyclonal antibodies against GLUT4 were raised as described previously [5] . Rhodamine-phalloidin and fluorescein-phalloidin were purchased from Molecular Probes (Eugene, OR, U.S.A.).
Preparation of isolated rat adipose cells
Isolated adipocytes were prepared by the collagenase method from epididymal adipose tissues of Sprague-Dawley rats (from Charles River Japan, Yokohama, Japan ; approx. 170-220 g) [22] . Unless otherwise specified, isolated cells were suspended in buffer A [25 mM Krebs-Henseleit Hepes buffer supplemented with 40 mg\ml BSA (fraction V) and 3 mM pyruvate, pH 7.4].
Measurement of 3-O-methyl-D-glucose uptake
The cellular glucose transport activity was estimated by measuring the rate of 0.1 mM 3-O-methyl--glucose uptake by the oilflotation method as described previously [23] .
Visualization of filamentous actin in isolated adipocytes
For fluorescence microscopy, isolated rat adipocytes were resuspended in buffer A and incubated for 30 min at 37 mC. The cells were then washed three times with buffer A and fixed with 3 % (w\v) paraformaldehyde in PBS for 1 h at room temperature. After washing three times with PBS containing 10 mg\ml BSA, the fixed cells were mixed with rhodamine-phalloidin (final concentration, 3 units\ml) and incubated for 30 min at room temperature. The cells were washed three times with PBS and mounted in 50 % glycerol saturated with n-propyl gallate as an anti-bleaching reagent, and observed with an AX-70 epifluorescence microscope (Olympus, Tokyo, Japan), equipped with Nomarski differential-interference contrast optics. Images were recorded with a cooled-CCD camera (PXL 1400 ; Photometrics, Tucson, AZ, U.S.A.) and analysed with IPLab Spectrum software (Signal Analytics, Vienna, VA, U.S.A.).
For laser confocal microscopy, the cells were fixed as described above. Filamentous actin was visualized with fluorescein-phalloidin (final concentration, 15 units\ml) and the cells were mounted in an anti-bleaching embedding medium [24] and observed with an epifluorescence microscope (BX-50 ; Olympus) equipped with a laser confocal system (MRC-1024 ; Bio-Rad, Hemel Hempstead, Herts., UK). Captured images were processed with Bio-Rad LaserSharp software.
Immunolocalization of GLUT4 in rat adipocytes
For immunolocalization of GLUT4, isolated rat adipocytes were fixed and washed three times in PBS as described above. The cells were permeabilized and non-specific binding sites were blocked in PBS containing 0.1 % saponin, 1 % BSA and 3 % normal goat serum for 45 min at room temperature. The cells were then incubated with rabbit anti-GLUT4 serum (1 : 1000 dilution) for 2 h at room temperature, and washed three times with PBS containing 0.1 % saponin. Next, the cells were incubated with FITC-conjugated donkey anti-rabbit IgG (Jackson Immuno Research, West Globe, PA, U.S.A. ; 1 : 200 dilution) for 1 h at room temperature. Finally, the cells were washed with PBS containing 0.1 % saponin, mounted in an anti-bleaching embedding medium [24] and observed with a laser confocal microscope as described above.
Subcellular membrane fractionation and immunoblotting
The plasma membrane and slowly sedimenting fractions, both enriched with glucose transporter, were prepared by differentialand sucrose-density-gradient centrifugation as described previously [5] .
Proteins in the plasma membrane and slowly sedimenting fractions were separated on SDS\PAGE using 10 % polyacrylamide gels and transferred to a PVDF membrane (Millipore) at 120 mA for 4 h. The PVDF membrane was blocked with solution containing 5 % BSA, 10 mM Tris\HCl (pH 7.4) and 154 mM NaCl for 1 h at room temperature. The blocked membrane was incubated in rabbit anti-GLUT4 serum (1 : 1000 dilution) overnight at 4 mC. The membrane was washed and incubated with "#&I-Protein A (0.2 µCi\ml) for 1 h at room temperature. Following an extensive wash, the membrane was dried and the blots were visualized by using FUJIX BAS2000 bio-imaging analyser (Fuji Photo Film, Tokyo, Japan).
Measurement of GLUT4 endocytosis
Endocytosis of GLUT4 was assayed as described previously [5] . Briefly, adipocytes stimulated with insulin were incubated in buffer A at 37 mC for 20 min in the presence of 2 mM potassium cyanide in order to inhibit GLUT4 recycling by deprivation of metabolic energy. Then TPCK-treated trypsin was added to the cells at a final concentration of 1 mg\ml and incubation was continued for an additional 15 min. At the end of the incubation, soya bean trypsin inhibitor was added to a final concentration of 2 mg\ml, and the cells were washed immediately three times with buffer A. The cells were resuspended in fresh buffer A and incubated for 20 min. At the end of the second incubation, the cells were washed three times with sucrose\Tris\EDTA buffer (250 mM sucrose, 10 mM Tris\HCl and 1 mM EDTA\Na, 
Figure 1 Effects of latrunculin A on the organization of actin filaments in isolated rat adipocytes
RESULTS
In the present study, we first examined the effects of two actindisrupting agents, latrunculin A and cytochalasin D, on the organization of the actin filaments in isolated rat adipocytes by conventional (non-confocal) fluorescence microscopy as well as by laser confocal microscopy using labelled phalloidin. Treatment of the cells with latrunculin A for 30 min at 37 mC resulted in concentration-dependent loss of the actin filaments as observed by fluorescence microscopy ( Figures 1A-1D ). The disappearance of the actin filaments was apparently complete in the cells treated with 25 µg\ml latrunculin A. Because the cytosol of adipocytes is generally confined to a thin rim and many punctate signals would overlap from optical section to optical section, the result of conventional fluorescence microscopy did not exclude a possibility that the actin filaments were partially disrupted at the lower concentrations of latrunculin A. Thus to assess further the state of the actin filaments in latrunculin A-treated cells, we examined the actin filaments in the polar region of the cytosol in rat adipocytes by laser confocal microscopy. On the equatorial section, little more information was obtained by confocal microscopy than by non-confocal microscopy. On the other hand, the actin filaments were observed as diffuse to reticular signals on the confocal sections near the cell pole ( Figures 1E-1H ). Note that no linear signal suggestive of the stress fibre was observed in the cytosol of the cell. The signals of the actin filaments disappeared on treatment with latrunculin A in a dose-dependent manner, in good agreement with the observations by conventional fluorescence microscopy. Figure 2 shows the time course of disappearance of the actin filaments in latrunculin A-treated cells. By non-confocal fluorescence microscopy, the disruption of the actin filaments seemed very rapid ; immediate washing and fixation of the cells after addition of latrunculin A resulted in considerable loss of the actin filaments ( Figure 2B) . Apparently, the actin filaments were completely disrupted in 5 min by treatment with latrunculin A. By confocal microscopy, the reticular signals of filamentous actin in the polar region were also found to disappear on treatment with latrunculin A for 5 min ( Figure 2E-2H) , a good correlation with the results obtained by conventional fluorescence microscopy.
Next, to examine whether intactness of the actin filaments would be necessary for insulin to stimulate glucose transport, we measured the glucose-transport activity in the cells treated with latrunculin A. As shown in Figure 3(A) , the insulin-stimulated glucose transport was inhibited by latrunculin A in a dosedependent manner. The stimulatory effect of insulin on glucose transport was abolished almost completely at 25 µg\ml latrunculin A. Likewise, treatment of the cells with latrunculin A for 5 min markedly reduced the insulin effect on glucose-transport activity ( Figure 3B ). These results showed clearly that disruption of the actin filaments and deprivation of the insulin effect on glucose transport were closely related events in the cells treated with latrunculin A. Since cytochalasin D has been used to disassemble actin filaments in many studies, we next compared the effect of cytochalasin D with that of latrunculin A in rat adipocytes. In marked contrast to latrunculin A, cytochalasin D apparently did not disrupt the actin filaments at concentrations up to 50 µM, as determined by non-confocal fluorescence microscopy ( Figure  4C ). Examination by confocal microscopy revealed that the actin filaments were not disrupted in cytochalasin D-treated cells (Figures 4E-4H ). In addition, a lot of very intense punctate signals were observed in the cytochalasin D-treated cells, obviously distinct from the latrunculin A-treated cells. Although the data are not shown, the stress fibres in Chinese hamster ovary cells and 3T3-L1 adipocytes were disrupted effectively with 1 µM cytochalasin D. In spite of its ineffectiveness in disrupting the actin filaments, cytochalasin D at 50 µM significantly attenuated the insulin effect on glucose transport (by 58 % ; results not shown), suggesting that the inhibition of glucose transport by cytochalasin D was not due to its effect on the actin filaments. Although the data are not shown, latrunculin A at 25 µg\ml had little effect on glucose transport in KCN-treated cells that had been stimulated with insulin, indicating that latrunculin A did not inhibit the glucose transporter activity itself.
To exclude the possibility that latrunculin A damaged the cells in a non-specific manner, we tested whether the effect of latrunculin A on insulin action was reversible or not. As depicted in Figure 5 , when latrunculin A-treated cells were washed with fresh buffer A, the cellular response to insulin recovered in 30 min to 60 % of the maxiamal effect in the control (nontreated) cells. In addition, we checked the effects of latrunculin A on insulin activation of PI 3-kinase as well as Akt serine\ threonine kinase, these kinases having been implicated in the insulin action on glucose transport or glycogen synthase [25] [26] [27] [28] . Latrunculin A had little inhibitory effect on insulin stimulation of PI 3-kinase activity (results not shown). Likewise, latrunculin A did not inhibit the insulin effect on either activation or phosphorylation of Akt kinase (results not shown). These results indicated that the effects of latrunculin A did not originate from non-specific cell damage and that the reagent inhibited the insulin action by affecting the machinery downstream of PI 3-kinase.
Recently, Malide et al. reported a technique to immunolocalize GLUT4 in rat white adipocytes [11] . We next examined the effect of latrunculin A on insulin-induced GLUT4 translocation by immunolocalization. In agreement with their data, GLUT4 immunofluorescence was almost entirely intracellular and was found in the perinuclear region and in punctate spots distributed throughout the cytoplasm ( Figure 6A ). Insulin treatment resulted in a restribution of GLUT4 immunofluorescence to the cell surface ( Figure 6B ), whereas pretreatment of the cells with latrunculin A markedly inhibited the insulin-induced GLUT4 redistribution ( Figure 6C ). Immunoblotting data also confirmed
Figure 6 Effect of latrunculin A on insulin-induced redistribution of GLUT4
After incubation in the absence (A and B) or the presence (C) of latrunculin A (25 µg/ml) for 15 min, adipocytes in buffer A were stimulated with 10 nM insulin (B and C) for 15 min before immunofluorescence staining for GLUT4 as described in the Materials and methods section.
the inhibition by latrunculin A of GLUT4 translocation (see Figure 8A below).
In the next set of experiments, we investigated whether intactness of the actin filaments would be required for exocytosis and endocytosis of GLUT4 in rat adipocytes. This has been done by dissecting the recycling pathway of GLUT4 into exocytotic and endocytotic steps [5] . For measurement of exocytosis of GLUT4, we used D k -(62-85), a peptide derived from the murine major histocompatibility complex class-I antigen (H-2D k ), which has been shown to potently inhibit GLUT4 endocytosis [5, 29] . In the presence of this peptide, one could expect that only exocytotic recruitment of the GLUT4 molecules to the plasma membrane would take place because endocytosis of the glucose transporter is almost completely blocked. As shown in Figures 7 and 8 , latrunculin A at 25 µg\ml abolished the insulin stimulation of glucose transport and GLUT4 translocation in the presence of D k -(62-85). These results indicated clearly that intactness of the actin-filament organization was indispensable for insulin-induced exocytotic recruitment of GLUT4 from the intracellular pool to the plasma membrane.
Recently, by using highly specific reagents that sequester actin monomers, such as thymosin β4, DNase I and latrunculin A, Lamaze et al. found that disruption of the actin cytoskeleton resulted in a marked inhibition of sequestration of transferrin receptor into the coated pits in A431 cells [19] . Since GLUT4 is
Figure 9 Effect of latrunculin A (Lat. A) on endocytosis of the trypsincleaved 35-kDa fragment of GLUT4
Adipocytes in buffer A were stimulated with 10 nM insulin for 15 min at 37 mC. The cells were then incubated with 3 mM potassium cyanide for 15 min to inhibit GLUT4 recycling by deprivation of ATP. Then TPCK (tosylphenylalanylchloromethane)-treated trypsin was added to the cells at a final concentration of 1 mg/ml, and incubation was continued for 15 min. At the end of the incubation, soya bean trypsin inhibitor (final concentration, 2 mg/ml) was added to the incubation buffer, and the cells were washed three times with buffer A. The cells were resuspended in fresh buffer A and washed immediately with Sucrose/Tris/EDTA buffer or incubated for 20 min with or without 25 µg/ml latrunculin A. At the end of the second incubation, the cells were washed, homogenized, and then subjected to subcellular fractionation and immunoblotting as described in the Materials and methods section. PM, plasma-membrane fractions ; SS, slowly sedimenting fractions.
Figure 10 Effect of latrunculin A (Lat. A) on the reversal of glucosetransport activities after the addition of wortmannin (Wort.)
Adipocytes in buffer A were stimulated with 10 nM insulin for 15 min at 37 mC. Then the cells were incubated in the presence of wortmannin (200 nM ; $), latrunculin A (25 µg/ml, >) or wortmannin plus latrunculin A () for the indicated times. At the end of the incubation, the glucose-transport activity was assayed (3-O-methyl-D-glucose uptake, MeGlc). Results are the meanspS.E.M. (n l 3-6).
also endocytosed via the clathrin-coated pits [6, 7] , their report prompted us to examine the role of the actin filaments in GLUT4 endocytosis. Endocytosis of GLUT4 was measured as described by Czech and Buxton [30] . As shown in Figure 9 , endocytosis of the trypsin-cleaved 35-kDa fragment of GLUT4 was not prevented significantly in the presence of latrunculin A. We also measured the decay of the glucose-transport activity after the addition of wortmannin in insulin-stimulated cells. Since wort-mannin, in good contrast to D k -(62-85) peptide, potently inhibits exocytotic recruitment of GLUT4 to the plasma membrane without any effect on endocytosis [31] , only exclusion of the glucose transporter from the plasma membrane (i.e. endocytosis) would occur in wortmannin-treated cells [32, 33] . As depicted in Figure 10 , latrunculin A did not delay the decline in the glucosetransport activity after the addition of wortmannin in the insulinstimulated cells. Rather, in the presence of both wortmannin and latrunculin A, the decay of the glucose-transport activity seemed accelerated compared with that in the presence of wortmannin alone, suggesting that the mechanisms of the two reagents were different. These results indicated that, unlike for exocytosis, an intact organization of the actin filaments may not be necessary for GLUT4 endocytosis.
DISCUSSION
The current study provides several important insights into the role of actin filaments in the subcellular trafficking of GLUT4. First, our study has demonstrated clearly that latrunculin A, but not cytochalasin D, is a suitable tool for disrupting actin filaments in isolated adipocytes. Treatment of the cells with latrunculin A resulted in a dose-and time-dependent disappearance of the actin filaments (Figures 1 and 2 ), which correlated very well with inhibition of the insulin effects on glucose transport (Figure 3 ) as well as GLUT4 translocation (Figures 6 and 8) . In contrast, cytochalasin D was not only ineffective in disruption of the actin filaments but generated many intense punctate signals at the higher concentrations (Figure 4 ). The precise nature of those punctate signals is obscure at present. Although cytochalsin D at 50 µM inhibited insulin-induced glucose transport, it seems unlikely that the inhibition was related to disassembly of the actin filaments.
The concentration of latrunculin A to disrupt the actin filaments and to inhibit the insulin effects maximally (59 µM at 25 µg\ml) in isolated adipocytes was comparable with that to inhibit endocytosis of transferrin receptors in A431 cells [19] , but rather higher than the concentrations to induce disruption of the actin filaments and morphological changes in other types of cell (in the micromolar range) [15, 20] . Nonetheless, the inhibition by latrunculin A of insulin effects on glucose transport and GLUT4 translocation was not attributed to non-specific damage to the cells because (i) the effect of latrunculin A on insulin-stimulated glucose transport was reversible ( Figure 5 ), and (ii) latrunculin A did not prevent insulin activation of PI 3-kinase and Akt serine\threonine kinase. The reason for the insensitivity to latrunculin A of the actin filaments in isolated adipocytes is unclear. One possiblity is that, in the presence of a lipid droplet inside the cell, the dose-response curve for latrunculin A action may be shifted to the right because of the hydrophobic nature of the compound. Alternatively, the cortical actin filaments may be less sensitive to latrunculin A than the stress fibres ; the latter would be far less abundant in isolated adipocytes (Figures 1 and  2 ) than in adherent cells.
Second, our study has discriminated the role of the cortical actin filaments in the GLUT4 trafficking more clearly than previous studies [12] [13] [14] [15] [16] . In adherent cells such as 3T3-L1 adipocytes and L6 myotubes, the abundance of the stress fibres may obscure the interpretation of the effect of actin-disrupting reagents. In isolated adipocytes, insulin stimulated glucose transport and GLUT4 translocation even with the scarcity of the stress fibres. In addition, the disruption of the cortical actin filaments correlated well with the loss of the insulin effect on glucose transport. Hence, the cortical actin filaments may be more critically involved in the insulin action on GLUT4 translocation than the stress fibres.
Third, the present study demonstrated that actin filaments, probably cortical actin filaments, are necessary for exocytotic recruitment of GLUT4 from the intracellular pool to the plasma membrane but not for endocytosis. Exocytosis of GLUT4 was almost completely inhibited in the cells treated with latrunculin A (Figure 8 ). In contrast, endocytosis of the trypsin-cleaved 35-kDa fragment of GLUT4 was unaffected by latrunculin A (Figure 9 ). Likewise, decay of the insulin-stimulated glucose transport activity in the wortmannin-treated cells was not delayed by the addition of latrunculin A, but was rather accelerated (Figure 10 ). This additivity suggests that the sites of action of the two inhibitors are different. However, the end point of the time course was lower with the combination of reagents than with either alone, raising the possibility that the time courses were influenced by a residual exocytosis that was not completely inhibited by either reagent alone.
At present, the underlying function of actin filaments in insulin-induced exocytosis of the GLUT4-containing vesicles remains unclear. It is possible that intactness of actin filaments may be necessary for transduction of the insulin signal. Although our data showed that activation by insulin of PI 3-kinase and Akt kinase was unaffected by latrunculin A, Wang et al. reported that insulin-induced association of PI 3-kinase with the GLUT4-containing compartments was decreased significantly by disruption of the actin filaments [15] . Therefore, in the absence of the actin filaments, insulin-induced relocalization of signalling molecules to the target sites may be perturbed. However, Tsiani et al. [34] showed that vanadate and pervanadate stimulated glucose transport as well as GLUT4 translocation in a PI 3-kinase-independent manner, whereas disassembly of the actin network with cytochalasin D blocked the stimulation of glucose transport by these agents. We also found that guanosine 5h-O-(3-thiotriphosphate)-stimulated glucose transport and GLUT4 translocation was inhibited by latrunculin A (H. Shibata and W. Omata, unpublished work). These findings raise another possibility, that the actin filaments may participate more directly in the trafficking for the GLUT4-containing vesicles irrespective of the type of stimulus. Further study will be needed to elucidate the function of the actin filaments in exocytosis of GLUT4.
Although both GLUT4 and transferrin receptor are internalized via clathrin-coated pits and appear in the early endosomes [11] , our data on the role of the actin filaments in endocytosis of GLUT4 (Figures 9 and 10 ) are inconsistent with those published by Lamaze et al. [19] . While the role of actin filaments in endocytosis seems to be established in yeast cells [35] [36] [37] , in mammalian cells it remains controversial. Thus disruption of actin filaments in Madin-Darby canine kidney cells [18] or Caco-2 cells [38] inhibits receptor-mediated endocytosis at the apical membrane but without effect at the basolateral membrane. Lamaze et al. reported a requirement of the actin cytoskeleton in receptor-mediated transferrin uptake in A431 cells [19] , whereas Lewis et al. revealed that receptor-mediated folate uptake is increased by disruption of the actin cytoskeleton in MA104 cells [39] . These observations suggest that the functional role of the actin filaments in endocytosis of surface proteins depends on the type of cell and the compartments inside the cells.
In summary, we have shown here the different roles of actin filaments in exocytosis and endocytosis of GLUT4 in isolated rat adipocytes ; an intact organization of the actin filaments is critical for insulin-induced exocytosis of the GLUT4-containing vesicles but less significant for endocytosis of the glucose transporter. Along with this, we also found latrunculin A to be a more suitable tool for disruption of the actin filaments in adipocytes than cytochalasin D, by laser confocal microscopy combined with biochemical analyses of the insulin effects on glucose transport and GLUT4 translocation. Given the scarcity of stress fibres, isolated adipocytes may prove a valuable experimental system for the study of the role of cortical actin filaments in insulin action.
